Abstract A rural-urban 
Introduction
pproximately 10,000 Arizona residents suffer an acute stroke each year. Primary stroke centers (PSCs) in the Phoenix and Tucson metropolitan areas are equipped to provide a timely, adequate assessment and emergency stroke treatments for nearly two thirds of these patients. 1 On the contrary, greater than one third of Arizona's residents live outside of these major metropolitan communities and have no access to emergency stroke expertise, because the equivalent level of stroke expertise and resources may not be available in nonspecialty designated centers that are located in some urban and most rural communities. The same stratification of emergency stroke care is mirrored on a national level since PSCs constitute a relatively small proportion of U.S. hospitals and are generally located in urban areas. 2 Accordingly, acute stroke resources and care have become principally regionspecific on a nationwide scale. The establishment of PSCs has vastly improved the stroke care provided in many regions of the United States yet has left other regions essentially untouched, and an appreciable inconsistency in the level of acute stroke care provided by the majority of the nation's hospitals still exists. A deficit of emergency stroke care in remote communities calls for telemedicine adapted for the acute stroke consultation to improve stroke care in underserviced areas and to lessen the nationwide inconsistency. 3 Since telemedicine was first proposed for acute stroke care in 1999, the field has been advancing steadily. A comprehensive review of stroke telemedicine and telestroke networks is beyond the scope of this study, but interested readers are referred to a recently published review of the technology, the hub-and-spoke characteristics of a telestroke network, the format of a typical emergency telestroke consultation, and established international telestroke networks. 4 The architecture and design of rural and urban telestroke networks are increasingly better defined. The technology has been adapted to suit the needs of an emergency, time-sensitive, acute stroke encounter. A telemedicine stroke consultative modality has proven to be valid, accurate, and reliable. American telestroke health economic analyses, in general, and cost-effectiveness studies, specifically, remain lacking.
Given the aforementioned region-specific nature of acute stroke care, a regional approach to a solution might prove to be most inclusive. The purpose of this study was to evaluate the emergency stroke resources available at and care provided by Arizona's remote hospital organizations and to formulate a statewide acute stroke care plan centered on stroke telemedicine research and practice.
Methods

SURVEY/NEEDS ASSESSMENT FORMULATION
The criteria for attaining PSC status set forth by the Brain Attack Coalition and Joint Commission were used as a model to write the survey. 5, 6 Questions included topics such as the hospital's stroke patient annual volume, statistics on the use of acute intravenous tissue plasminogen activator (tPA), availability of neurology, radiology, radiological studies, formal and informal affiliations with established PSCs, the hospital's typical thrombolysis procedure (i.e., drip and ship, etc.), and the hospital's interest in participating in a stroke telemedicine network. The questions were written both in free response format and in multiple-choice format. The survey was designed by vascular neurologists and emergency medicine physicians for the typical rural hospital and was tailored specifically for Arizona communities. Health measurement survey methodology was considered in the development phase. Content validity, but not criterion or construct validity, was explored. This study was approved by the Human Subject Research Board of the Arizona Department of Health Services.
SELECTION OF PARTICIPATING HOSPITALS
The vast majority of Arizona's 15 counties are classified as rural or predominantly rural. Only two counties, Maricopa (Phoenix) and Pima (Tucson), are urban (with at least one community with a population of 500,000 or greater). Two counties, Coconino and Yuma, are classified as rural-urban (with at least one community with a population of 50,000 or greater). Eleven of 15 counties are classified as rural-rural. In Arizona, census places with a population of greater than 2,500 have 11.8% of the population and 96.2% of the land area considered rural. Arizona places with a population of greater than 10,000 have 18.9% of the population and 97.4% of the land area considered rural. Arizona places with a population of greater than 50,000 have 33.4% of the population and 98.6% of the land area considered rural.
7 A list of Arizona healthcare institutions was obtained from the Arizona Hospital and Healthcare Association (AzHHA) Web site. 8 The AzHHA encompasses 109 healthcare institutions, representing ~95% of those across the state. Of these institutions, 39 are located outside of the Phoenix and Tucson metropolitan regions. The 70 hospitals in Phoenix and Tucson (residing in urban classified counties) as well as 4 nonemergency centers were excluded from the list based on the knowledge that the metropolitan institutions would already be in close proximity to the existing state Joint Commission certified and/ or American Stroke Association designated PSCs or that the institution would not render emergency care, respectively. The research project was introduced to the remaining hospitals by telephone. Consenting managers or directors of emergency and quality departments at the 35 hospitals were mailed a formal survey on behalf of the Arizona Department of Health Services (see Appendix).
DEVELOPMENT OF STROKE TELEMEDICINE FOR ARIZONA RURAL RESIDENTS (STARR) NETWORK PLAN
The statewide telemedicine initiative was formulated upon analysis of the rural stroke care survey. Information and data were derived from our previously designed one-hub, 2-spoke telemedicine research trial (STRokE DOC Arizona TIME trial [ClinicalTrials.gov Identifier: NCT00623350]) and early network development to estimate the resources (clinical and management personnel, equipment, information technology, supplies, quality assurance, training, travel, overhead, and indirect costs) that would be required of a statewide program.
Telemedicine networks (Arizona Telemedicine Program 9 and Northern Arizona Regional Behavioral Health Authority Telemed Program 10 ) already exist in Arizona, having been established in 1996. They operate an existing statewide telemedicine network whose goals include increased access to specialty services for rural, underserved populations. The most commonly available pre-existing clinical services are largely nonemergency in nature: teleradiology, teledermatology, and telebehavioral health. Emergency stroke is not currently among the telemedicine specialties offered in these existing networks. Other considerations for joining this existing network model would include participation in membership and additional maintenance costs (yearly maintenance on telecommunication lines for network connectivity at each site as well as any location used for consultation). The BF Technologies STRokE DOC 11 system selected for emergency stroke telemedicine consultations allows operation over a wide variety of standard Internet connections (including wireless links as low as 96 Kbps), reducing the need for dedicated pointto-point high-speed infrastructure. This means that vascular neurologists are able to perform a consultation from anywhere using only a laptop and webcam setup. Table 1 presents the proposed STARR network telemedicine equipment. Future discussions regarding telestroke participation in existing Arizona telemedicine networks may be required as further growth of the stroke telemedicine program increases. Currently the vascular neurologists are provided a laptop and good quality webcam as a means to facilitate a more mobile environment. This means that they are able to perform a consultation from anywhere without the need of bulkier high-end video equipment tying them to a specific location and a point-to-point network infrastructure.
Each of Arizona County's demographics were examined from a 2000 government census that was published on a government Web site. 12 The state was divided into northern and southern regions, and telemedical responsibility was divided accordingly: Phoenix PSCs would serve the northern and Tucson PSCs would serve the southern portions of the state. To determine the boundary between portions, a combination of county borders, highways, and relative proximity to metropolitan areas was used (Fig. 1) . A prioritization scheme for staged spoke site initiation and participation was devised for the opening year. Table 2 describes key characteristics of Arizona counties under study, including area, population, density, medical services, and rural designation. The Arizona healthcare organizations that were designated "remote" constituted 35 emergency departments (ED) across the state. All 35 institutions consented to receive the survey; however, 24/35 (69%) hospitals completed the survey. The number of EDs per county ranged from 0 to 5 (Fig. 2) . Apache and Cochise counties both had 5 EDs and Fig. 1 . Arizona Stroke Telemedicine Network Plan. (Fig. 3) .
Results
SURVEY/NEEDS ASSESSMENT RESULTS
STARR NETWORK PLAN RESULTS
The STARR plan divides Arizona into two regions: 85,123 mi 2 in the north and 28,511 mi 2 in the south (Fig. 1) . The population is 4,778,415 in the north and 1,387,905 in the south. Eight Phoenix PSCs would service 26 remote EDs and 3 Tucson PSCs would service 9 EDs, resulting in a one-hub to three-spoke ratio. The STARR plan was developed jointly by Arizona Department of Health Services and RR, rural-rural county: all communities have a population of less than 50,000; RU, rural-urban county: at least one community with a population of 50,000 or greater; U, urban county, at least one community with population of 500,000 or greater; MUA, medically underserviced area; MUP, medically underserviced population; NMU, not medically underserviced; Excluded: strictly urban counties were excluded from study. 
Discussion
The present survey has some inherent limitations. Although our aim was to assess every remote hospital in Arizona, we missed at least one hospital that was not affiliated with the AzHHA. We lacked 100% response from surveyed hospitals. The information was typically obtained from a single respondent whose reply may have been an inaccurate estimate. Furthermore, we requested that the institution identify the most suitable respondent, regardless of position or title. As a result, we received responses from a variety of professionals, including ED medical and nursing directors, quality managers, and clinical administrators.
Other groups have investigated acute stroke care in a region-specific manner. Gebhardt et al. studied acute stroke care at rural hospitals in Idaho using a telephone survey. 13 Obstacles included lack of access to neurology consultations, lack of uniform stroke care procedures, lack of access to acute stroke treatments, reluctance of emergency providers to administer tPA, lack of in-house radiologists, low acute stroke patient volume, and low emergency provider stroke assessment skills. The group concluded that these hospitals 
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have limited resources and experience in delivering acute stroke care. Okon et al. surveyed remote hospitals in Montana and Northern Wyoming to evaluate acute stroke programs in those regions.
14 They discovered major limitations in technology, programs, services, and personnel for acute stroke care. They recommended the development of a state public health stroke network model to partner small underserviced rural hospitals with metropolitan stroke centers. The results presented here also demonstrate deficiencies in acute stroke care in the rural communities of Arizona. All of the deficits demonstrated by the aforementioned needs assessments and surveys might be overcome by implementing regional stroke networks that incorporate telemedicine options. The proposed stroke telemedicine network model also has some limitations. The resources estimated to be necessary for the whole state network were based on a small, one-hub, two-spoke pilot trial. Extrapolating the resources from the small pilot trial network to service a larger network might not accurately represent the true needs. In addition, the costs of the various resources and personnel may be inaccurate. The STARR plan assumes that every potential hub and spoke would be willing to participate in the network; however, our survey shows that 10% of rural hospitals might not be interested. Furthermore, this particular survey did not address PSC hub interest and capability. Investigating PSC interest is, of course, a critical step in the network development. The survey was followed by both formal and informal inquiries of PSCs. Approximately half of the existing PSCs have expressed strong interest, a quarter modest interest, and 25% have not yet responded.
We have not yet accurately predicted the volume of acute stroke consultation requests that the network spokes would generate for the hubs. Consequently, the allotted distribution of telestroke personnel might result in an over-or understaffing situation. With regard to the geographical distribution of hubs and the spokes they service, our assumption is that it is more ideal to have hubs and spokes in the same geographical region (i.e., north and south). While telemedicine capability is not limited by geography, excessive distance between hub and spoke may limit transfer opportunities. The most ideal and efficient hub-to-spoke ratio is unclear, because spokes will generate varying patient volumes and hubs will have varying service capacities. The plan was not designed to address network funding; although we recognize that multiple avenues for financial support exist (spoke subscription, hub subsidization, insurance reimbursement, and/or state and federal grant support). This proposal is built on a series of hypotheses, each with the potential for future experimentation and implementation trials.
Subsequent to the completion of the survey and preliminary network model, a Mayo Clinic Arizona business plan task force was assembled. Participants included physicians (vascular neurology and emergency medicine), nurse practitioners (vascular neurology), hospital practice administrators, finance personnel, information technologists, and service and revenue planners. The project was identified, scope of business was defined, a mission statement was developed, and customers were described. An implementation plan and financial effect analysis are under way. The fundamental issues identified by this study are (1) a substantial proportion of acute stroke patients in any remote region may present themselves or be transported to a hospital without sufficient access to urgent neurology expertise, (2) typically remote neurologists are too few in number to support a 24/7 on-call service for a local hospital, and (3) overall remote stroke treatment opportunities are unfulfilled and thrombolysis administrations are infrequent. Accordingly, the majority of respondent remote hospital emergency communities embraced the opportunity for emergency medicineneurology collaborative acute stroke assessments and care via telemedicine. These circumstances must exist in other states. The ruralurban disparity of stroke resources and care, discovered, serves as an ideal platform for telemedicine. Areas underserved with stroke care require plans for regional systems of telestroke. Whereas most telemedicine programs are financially dependent on telecommunications subsidies and grants, the long-term goal should be to devise self-sustaining business models that produce break-even programs. This study has resulted in preliminary but careful estimates of the cost associated with the creation of an independent large-scale state rural stroke telemedicine network. These estimates may assist other rural states and remote regional municipalities contemplating a telestroke network solution in their planning, organization, and funding considerations. There was a call to action, among stroke telemedicine practitioners and researchers: more attention must be focused on analyzing and solving the business issues of the practice to facilitate the field's advances and longevity. 4 Development of an example state network model for others to consider is one step toward fulfilling this objective.
Conclusions
The remote communities of Arizona are greatly underserviced with regard to the availability of neurologists and the delivery of emergency stroke care. Although 18% of all acute stroke patients in the Arizona metropolitan communities receive thrombolysis, this survey reveals that the rate of thrombolysis in Arizona's remote communities is on par with the national average of 2%-4%. Telemedicine may be an effective method to provide expert care to stroke patients located in rural areas. The majority of the remote Arizona EDs are both interested in and capable of participating as spoke sites in a statewide stroke telemedicine initiative. Accordingly, a 5-year model for the STARR network has been formulated and formal business plan development is now under way.
